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Assessing pepper pungency by using RT-qPCR to measure Pun1 expression
Sam Blechman*1 advised by Dr. Richard Londraville1
1

Department of Biology, University of Akron, Akron, Ohio

Abstract:
Capsicum spp. evolved capsaicin as a chemical defense to deter consumption of its fruits
by mammals, allowing birds to disperse the seeds throughout a greater range. The Pun1 locus
codes for a capsaicin synthase (CS), the expression of which is a direct determinant of capsaicin
accumulation. RT-qPCR was used to measure low-abundance mRNA transcripts. The aim of this
study was to use RT-qPCR to measure Pun1 expression in cDNA synthesized from total RNA
extracted from placental tissue of Capsicum annuum and chinense cultivars. A secondary aim
was to troubleshoot the protocol designed for this experiment to verify the efficacy of each step.
RT-qPCR revealed genomic DNA contamination in a majority of cDNA samples.

Introduction:
During the travels of Columbus in the 15th and 16th century, he brought hot peppers back
to Spain and other parts of Europe as gifts, introducing Capsicum into the European continent
and diet.1 In North and South America there is evidence for Native American cultivation of the
genus Capsicum nearly 6,000 years ago.2 Solanaceae, the family of Capsicum, includes potatoes,
tobacco, tomatoes, and other important crops.3 The defining characteristic of Capsicum is the
biosynthesis of capsaicin and other capsaicinoids which accumulate in blisters on the surface of
placental tissue.3, 4 In pepper eaters, capsaicin binds to vanilloid receptors in the peripheral
nervous system; cation channels which trigger action potential firing in pain and heat sensation
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pathways.5 Birds do not possess the same receptors and are thus immune to the heat-inducing
effects of capsaicinoids. This differential effect likely evolved to prefer far-reaching seed
dispersers like birds, while avoiding consumption by mammals which would not disperse the
seeds as far.6 Not all species of Capsicum accumulate capsaicinoids however, as breeding has
selected for non-pungent cultivars unable to produce capsaicin.3 A 2.5 kilobase deletion mutation
occurred, spanning the promoter and a portion of exon 1, leading to a series of non-pungent
cultivars.1
Stewart et. al (2005) discovered that SB2-66, a cDNA clone from peppers, strongly
mapped to a locus responsible for pungency, Pun1. Further studies revealed the 52-kDa Pun1
protein product catalyzes the condensation reaction between vanillylamine and 8-methyl-6nonenoyl-CoA, produced by an aminotransferase (pAMT) and an acyl-CoA synthetase (ACS),
respectively.1 While capsaicin accumulation correlates with expression of both Pun1 and pAMT,
Pun1 expression is the main determinant.7 Expression of these genes has been measured as 50100 times higher in pungent vs. non-pungent cultivars, and is highest during early fruit
development.7
Regulation of capsaicinoid biosynthesis is primarily determined at the transcriptional
level and Pun1 expression is the primary determinant of capsaicin accumulation.7 Therefore,
measurements of Pun1 mRNA expression by quantitative polymerase chain reaction (RT-qPCR)
may correlate well with actual level of pungency. RT-qPCR tracks the progress of a polymerase
chain reaction in real-time by measuring the accumulation of dsDNA.8 The fluorescence
intensity of SYBR green increases when bound to dsDNA and can therefore be used to track the
accumulation of the target amplicon.9 A real-time thermocycler pulses each well with a
fluorescent laser and measures the returning fluorescence signal from each well with a CCD-
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camera.9 The use of 96-well plates allows for high throughput analysis of many target genes
across multiple samples using this technique, though the required instruments and reagents can
be costly.9
The cycle number (Ct) at which SYBR green intensity reaches a threshold value can be
used to calculate the initial copy number of the target sequence.8 In fact, the cycle number is
inversely proportional to the log of the initial copy number. The threshold value can be manually
set to not include background noise in Ct calculations, as SYBR green intensity is not null in
solution. The threshold value is set so that amplified wells cross the threshold in the exponential
phase of the reaction. This ensures a Ct value is a function of initial copy number and not a
function of limiting reaction components which may occur during the plateau phase.10
Relative RT-qPCR allows for the calculation of fold-changes or fold-differences in target
expression by measuring, in parallel, the expression of a house-keeping gene such as β-actin or
GAPDH.10 Relative measurements result in expression ratios of target to reference and are easily
displayed in bar graph. Relative RT-qPCR is commonly used for comparing the effects of some
treatment or genotype on the expression of one or more genes. This differs from absolute
quantification, which calculates the initial copy number from the cycle number based on
previously-made standard curves.10
Analysis by RT-qPCR to measure differences in mRNA transcript abundance requires a
controlled reverse transcription step.11 This is to ensure genomic copies of the gene are not
amplified, thereby overestimating the abundance of a given transcript. Aside from DNase
digestion, other tactics can help avoid the amplification of gDNA, such as primer design. A
primer set which amplifies across an intron will generate 2 different sized amplicons, depending
on the source of the template; gDNA amplicon would be larger as it includes the intron. In
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addition, a short elongation step ensures there is not enough time to amplify the gDNA, but
enough time to amplify cDNA. The formation of primer dimers can also overestimate initial
copy number because SYBR green binds any dsDNA, particularly for low copy number
samples.12 In this study, the goal is to measure Pun1 expression in a number of store-bought
Capsicum cultivars by RT-qPCR.

Methods:
Isolation of total RNA: Total RNA was isolated from the placental tissue of a number of
Capsicum peppers using TRIzolTM Reagent (Thermo Fisher Scientific). Capsicum annuum
(Bolivian rainbow, jalapeño, banana hot, and martin’s carrot peppers) and Capsicum chinense
(Carolina reaper and habanero peppers) were purchased from Giant Eagle were stored in a
refrigerator in the laboratory for up to two weeks beyond purchase date prior to RNA isolation.
Table 3 shows the full list of peppers used in this study; the isolation protocol did not differ
among samples.
Locking microcentrifuge tubes, 1.5 mL screw-cap tubes, dissection board, dissection
blade, spin-columns, and gloves were sprayed with RNase Zap (Sigma-Aldrich) to inactivate
residual RNases. Peppers were cut in half, the placenta removed from the flesh, and the seeds
raked from the surface of the placental tissue. A blade was used to remove the surface of the
placenta about 3 mm thick and diced into smaller pieces. This tissue (300 mg) was added to a 1.5
mL screw-cap tube containing 750 μL ΤRIzolTM Reagent and a mixture of stainless steel and
zirconium oxide beads of various sizes (0.5 mm, 1.0 mm, and 2.0 mm). Tubes were placed in a
homogenizer (Bullet Blender by Next Advance) for 7 minutes to be homogenized at speed
setting 9/10.

5
Following homogenization, the tubes were centrifuged at max speed for 1 minute to
pellet undesired plant tissue. The supernatant was pipetted into another microcentrifuge tube
containing 700 μL 100% EtOH and the tube was agitated. This tube was centrifuged at max
speed for 1 minute to pellet any leftover plant tissue. The supernatant was pipetted into a spincolumn and centrifuged at max speed for 30 seconds; this step was repeated to pass the entire
supernatant through the column. The flow-through was discarded into phenol waste, and the
spin-column was placed on ice to slow the degradation of RNA.
DNA digestion by DNase I: In a cycle of reactions, primers cannot distinguish between
gDNA and cDNA, therefore genomic contamination will overestimate the expression of the
target gene by providing additional copies of the DNA sequence.12 Therefore, it is essential to
treat RNA samples with DNase I and verify the elimination of gDNA by including a no reverse
transcriptase control. RNA wash buffer (400 μL) was added to the spin-column and centrifuged
at max speed for 1 minute. Next, 5 μL (1 unit/μL) amplification-grade DNase I (Sigma-Aldrich)
was added to 8 μL 10X DNA digestion buffer and 67 μL molecular-grade water. This cocktail
was added directly to the spin-column followed by incubating at 37 ºC for 15 minutes. The
reaction was stopped by centrifuging the DNase I solution through the spin column and
discarding the flow-through.
RNA pre-wash (400 μL) was added to the spin-column and centrifuged at max speed for
1 minute, the flow-through was discarded; this step was repeated. RNA wash buffer (700 μL)was
added to the spin-column and centrifuged at max speed for 1 minute; the flow-through was
discarded. The spin-column was placed in an empty tube and centrifuged at max speed for 3
minutes to remove residual solvents and reagents. Room-temperature RNase/DNase-free H2O
(μL) was added to the spin-column and sat on the bench-top for 2 minutes to allow for RNA
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solubilization. The spin-column was placed into a RNase Zap-treated locking microcentrifuge
tube and centrifuged for 1 minute to elute RNA.
Quantification by NanoDrop: A spectrophotometer (ND-1000 by Thermo Fisher
Scientific) was used to quantify the concentration and purity of the RNA samples. The
spectrophotometer was blanked to set a baseline absorbance by loading 2 μL molecular-grade
H2O onto the detector. The detector was dried with a Kimwipe between sample measurements.
Following instrument calibration, 2 μL RNA solution was added to the detector to measure the
absorbance of the sample at various wavelengths, from which the concentration and purity were
calculated.
cDNA synthesis: RevertAid First Strand cDNA Synthesis Kit by Thermo Fisher Scientific
was used to synthesize cDNA, using oligo-dT primers. A no reverse transcriptase (no RT)
control was included to probe for genomic DNA contamination. The components of the reaction
were loaded into PCR tubes as follows: 4 μL 5X buffer, 2 μL dNTPs, 1 μL oligo-dTs, 1 μL
RiboLock (an RNase inhibitor), and 1 μL Reverse transcriptase enzyme mix (not added to no RT
control tube). The volume of RNA solution added was dependent on individual sample
concentrations, to ensure the same amount of total RNA was added among different samples.
Molecular-grade H2O was added to make the total volume 20 μL. A DNA Engine Peltier
Thermocycler (Bio-Rad Laboratories) was used to run the following regime: 60 minutes at 42 ºC
to synthesize the cDNA followed by 5 minutes at 70 ºC to inactivate the reverse transcriptase
enzyme.
cDNA precipitation: The contents of the PCR tubes were added to a transparent
microcentrifuge tube which contained 50 μL ice-cold 100% ethanol (2.5 volumes), 2 μL 3 M
sodium acetate (pH = 5.2), and 1 μL UltraPureTM glycogen by Thermo Fisher Scientific. This

7
tube was agitated and placed in a -20 ºC freezer for 1 hour, followed by centrifugation at 4 ºC for
15 minutes at max speed (14,000 rpm). A pipet was used to remove and discard the supernatant,
leaving the cloudy white pellet intact. Ice-cold 70% ethanol (200 μL, 10 volumes) was added to
wash the pellet, followed by another 4 ºC centrifugation for 10 minutes at max speed. The pellet
was air dried for 2 minutes on the bench top by pipetting off the supernatant, followed by
resolubilizing the pellet in 50 μL molecular-grade H2O.
Verify primers and check for gDNA contamination by PCR: Pun1 primers (from Ogawa
et. al.), forward: 5’–AGGCATCATCATCAATGCTAC–3’ and reverse: 5’–
ATGTTAGTTGCTTCTATGGAG–3’. Negative controls included in this step were no RT
sample, no primers added, and no cDNA added. To each PCR tube 12.5 μL GoTaq master mix
was added, followed by 1 μL 10 mM forward primer and 1 μL 10 mM reverse primer. To the
negative control no primers tube, 2 μL of molecular-grade H2O was added in place of primers.
To all tubes excluding no cDNA control, 1 μL of cDNA was added, including RT and no RT
samples. To the negative control no cDNA tube, 1 μL molecular-grade H2O was added in place
of cDNA. To bring the total volume of each tube to 25 μL, 9.5 μL of molecular-grade H2O was
added to each tube. The tubes were put in a DNA engine thermocycler (Bio-Rad) set to run: 35
cycles of: [95 ºC for 25 sec, 52 ºC for 25 sec, 72 ºC for 40], 72 ºC for 3 minutes, end.
Gel electrophoresis to verify PCR reaction: 2% agarose gel electrophoresis, visualized
with SYBR Gold Nucleic Acid Gel Stain (Thermo Fisher Scientific) was performed to evaluate
the PCR products. An image analysis system GBox Chemi-16 (Syngene) was used to visualize
nucleic acid bands in a gel. GeneSnap software from Syngene was used record images.
RT-qPCR sample preparation: Prior to loading a 96-well plate, master mix (2X SYBR
green GoTaq by Promega) was mixed with primers and molecular-grade H2O in microcentrifuge
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tubes to simplify the loading procedure. The samples were run in 3 batches because they
represent 3 different amounts of total RNA used for cDNA synthesis: 200 ng, 400 ng, and 75 ng.
Batch 1 includes samples 1 and 2, batch 2 includes samples 3 and 4, and batch 4 includes
samples 5, 6, and 7. Table 1 shows the amount of cDNA added to each well for each of the 3
batches to ensure they represent the same amount of total original RNA. No RT control wells
and no primer control wells were included for each sample, in which case molecular-grade H2O
was added to make the total volume 20 μL. The loading scheme is shown in tables 1 and 2.
Running RT-qPCR and analyzing results: An Applied Biosystems 7300 Real-Time PCR
system was used to run the experiment. The thermocycler regime included a 2-minute 95 ºC
denaturation step, followed by 40 cycles of 95 ºC for 1 minute and 50 ºC for 1 minute for
amplification. The final dissociation step was 95 ºC for 2 minutes, 48 ºC for 2 minutes, and
finally 95 ºC for 2 minutes. An intensity threshold was manually set to detect the SYBR green
fluorescence above signal noise which appeared in cycles 1-17. Ct values were calculated by the
average across triplicates.

Results:
To obtain high quality RNA from plant tissue, aggressive homogenization was required
to penetrate the cell wall and release cytoplasmic and nuclear contents. I extracted total RNA
from various store-bought peppers (table 3) and quantified the samples using a
spectrophotometer. Samples generally had low concentration (<30-40 ng/μL) and were
contaminated with ethanol (A260/A230 < 1.8), however the highest quality samples were used for
cDNA synthesis and subsequent qPCR analysis. Figure 1 shows the concentration and purity of
sample 4 – jalapeño as a screenshot of the ND-1000 spectrophotometer software used to analyze
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samples. I used these concentration values to equalize the amount of total RNA being used for
cDNA synthesis.
Following cDNA synthesis and precipitation, I ran PCR on all RT and no RT samples to
check for gDNA contamination. I ran reactions without primers and without cDNA to check for
contaminated reagents. The primers used were designed to amplify a 130 bp portion of exon 2 of
the Pun1 transcript. Figure 2 shows a picture of the agarose gel and the 130 bp amplicons from
samples 1 and 2.

Figure 1: Screenshot of absorbance plot for sample 4 – jalapeño, showing high concentration and
high purity. A NanoDrop Spectrophotometer (ND-1000 by Thermo Scientific) measures the
absorbance of a sample at 260 nm to calculate the concentration of RNA found in the sample.
Ratios of absorbance at 260/280 indicate presence of polypeptides and 260/230 indicate the
presence of protein, phenol, ethanol, or aromatic compounds.
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Figure 2: Agarose gel (2%) shows expected 130 bp amplicon in 3 lanes. Lanes 4 and 6 show
sample 7 contains Pun1 transcript while lanes 5 and 8 show sample 8 is contaminated with
genomic DNA (and was not used for further analysis). Controls included no reversetranscriptase, no primers, and no cDNA.
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Following PCR, I used cDNA samples which were not contaminated with gDNA and
contained detectable levels of Pun1 for analysis by qPCR. At this point, 3 batches of cDNA,
made from the RNA of 7 different cultivars had to be equalized to represent the same amount of
total RNA. To do this, I added different amounts of cDNA to each well, depending on the batch,
as shown in table 1. Samples were run in triplicate and included RT, no RT negative control, no
primers negative control, and no cDNA negative control.
I calculated Ct values for each sample by taking the average of the triplicates. Table 3
shows 7 samples; 5 RT samples crossed threshold and 3 no RT samples crossed threshold; 2
samples had no positive reactions. Figure 3 is the graph of SYBR green intensity vs cycle
number for sample 2.
Master mix

Fwd. primer

Rev. primer

cDNA

H2O

Batch 1 – RT

10 μL

0.5 μL

0.5 μL

2 μL

7 μL

Batch 1 - no RT

10 μL

0.5 μL

0.5 μL

2 μL

7 μL

Batch 1 - no primers

10 μL

-

-

2 μL

8 μL

Batch 2 – RT

10 μL

0.5 μL

0.5 μL

1 μL

8 μL

Batch 2 - no RT

10 μL

0.5 μL

0.5 μL

1 μL

8 μL

Batch 2 - no primers

10 μL

-

-

1 μL

9 μL

Batch 3 - RT

10 μL

0.5 μL

0.5 μL

5.33 μL

3.67 μL

Batch 3 - no RT

10 μL

0.5 μL

0.5 μL

5.33 μL

3.67 μL

Batch 3 - no primers

10 μL

-

-

5.33 μL

4.67 μL

all but cDNA

10 μL

0.5 μL

0.5 μL

-

9 μL

Batch 1

200 ng RNA

Batch 2

400 ng RNA

Batch 3

75 ng RNA

Table 1: Each row shows the contents of a single well which were run in triplicate. 7 cDNA
samples were synthesized from 3 different amounts of total RNA, 75 ng, 200 ng, and 400 ng.
More or less cDNA was added so that each well represented 400 ng of total RNA.
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1
A
B
C
D
E
F
G
H

2
3
Sample 1 RT
Sample 2 RT
Sample 1 no RT
Sample 2 no RT
Sample 3 RT
Sample 4 RT
Sample 3 no RT
Sample 4 no RT

4
5
6
Sample 1 RT – no primers
Sample 2 RT – primers

Sample 3 RT – no primers
Sample 4 RT – primers

7

8
9
Sample 5 RT
Sample 6 RT
Sample 7 RT
Sample 5 no RT
Sample 6 no RT
Sample 7 no RT

10
11
12
Sample 5 RT – no primers
Sample 6 RT – no primers
Sample 7 RT – no primers

All but cDNA

Table 2: 96-well plate loading scheme with proper controls: no reverse-transcriptase (no RT), no
primers, no cDNA.

Sample

Ct values
RT samples

no RT samples

no primers

Carolina Reaper – 1

22.99

undetected

undetected

Bolivian Rainbow – 2

23.29

undetected

undetected

Banana Hot – 3

33.63

35.37

undetected

Jalapeño – 4

32.56

33.91

undetected

Martin's Carrot – 5

31.43

32.06

undetected

Jalapeño – 6

undetected

undetected

undetected

Habanero – 7

undetected

undetected

undetected

Table 3: This table shows the calculated Ct values for each sample including negative controls.
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Figure 3: The intensity signal of the 3 sample 2 wells at each cycle number. Crossing threshold at
~23 cycles are the triplicate RT wells, showing close agreement in expression level.
Subthreshold noise is seen in no RT and no primer wells but do not show detectable expression.

Discussion:
RNA concentration and purity varied greatly among samples, likely due to mistakes in
the experimental procedure. A260/A280 < 1.8 indicates polypeptide contamination and A260/A230 <
1.8 indicates presence of phenol, polysaccharides, aromatic compounds, or polypeptides, all of
which were present during extraction.13 Ethanol is a component of the RNA wash buffer added
in the final step prior to elution. A low A260/A230 ratio may be a result of not centrifuging the
spin-column in an empty dry tube for 2-3 minutes before eluting, which removes ethanol and
other leftover contaminants. Pure RNA has an A260/A230 ratio > 1.8 and an A260/A280 ratio
between 1.8-2.2.13
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Synthesizing cDNA from different samples requires normalization of the total RNA
content by adjusting the amount of RNA solution added to the cDNA reaction. This
normalization allows for comparisons of expression between different samples, in this case
pepper cultivars. Samples 1 (Carolina reaper) and 2 (Bolivian rainbow) showed valid detection
of Pun1 expression with mean Ct values of 22.99 and 23.29, respectively, a difference of 0.30
cycles. A valid fold-difference calculation by 2-ΔΔCt method cannot be employed because the
expression of a house-keeping gene was not measured. However, assuming expression between
samples 1 and 2 can be compared, a difference of 0.30 cycles would correspond to 23% greater
transcript abundance in Bolivian rainbow. This may result in differential capsaicin accumulation
and therefore subjective level of spiciness.
To ensure synthesized cDNA is not contaminated with gDNA, a reaction was included
without adding reverse transcriptase, but while still adding the other necessary components. A
positive PCR or RT-qPCR reaction for a no RT sample means there was genomic DNA present
in the isolated RNA sample, representing a failure of the DNase I digestion. Prior to analyzing
the samples by RT-qPCR, I ran PCR on the RT and no RT cDNA synthesis products, along with
no primers and no cDNA negative controls. A positive reaction in a no primers or no cDNA
control means a reagent was contaminated. The PCR products were run out on an agarose gel to
verify the amplicon is the expected size and to verify all controls are negative. Samples 5, 6, and
7, when analyzed by RT-qPCR had positive reactions in the no RT negative control wells,
indicating gDNA contamination. However, these samples appeared free of gDNA when analyzed
by PCR and gel electrophoresis. The Ct values for the no RT samples 5-7 were on average 1.24 ±
0.56 higher than their RT counterparts, indicating there were 2.36 ± 1.48 times more copies in
the RT wells compared to the no RT wells.
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The discrepancy in no RT results between PCR and RT-qPCR can partly be explained by
differences in sensitivity between the techniques, where RT-qPCR can detect low-abundance
amplicons due the high fluorescence of SYBR green and the concentration of signal in the well.
This is in contrast to PCR products on an agarose gel where the fluorescence signal may not be
detected due to low-resolution imaging or low concentration.

Conclusion:
Total RNA isolated from the placental tissue of a number of Capsicum cultivars was used
to synthesize cDNA. RT-qPCR revealed Pun1 expression in Carolina reaper and Bolivian
rainbow. Positive reactions in no-reverse transcriptase control wells revealed genomic DNA
contaminated in a majority of cDNA samples, even with DNase I digestion. Differences in Ct
values were noted between two cultivars but cannot be interpreted as differences in expression
without measuring the expression of a house-keeping gene.

Future Work:
There are still 2 key experiments to be run for the completion of this project, an
efficiency curve for the primers and a relative measurement of Pun1 vs. Actin. The original goal
of the project was to employ relative RT-qPCR to quantify differences in Pun1 expression
among cultivars which differ in pungency. Without measuring the expression of a reliable housekeeping gene, it is impossible to know whether differences in measured Pun1 expression were
due to differences in global gene expression, Pun1 expression only, or sampling errors due to
low-abundance transcripts. Relative RT-qPCR employs the 2-ΔΔCt to calculate fold-differences in
expression among cultivars. Measuring differences in Pun1 expression at the transcriptional level
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may not be an accurate representation of protein translation and activity. This would require
quantification of Pun1 protein product abundance by western blot, as well as measuring
capsaicin accumulation.
To make an efficiency curve for the primers would require a serial dilution of the cDNA
to be measured. Diluting cDNA can result in poor efficiency curves, given the low yield of RNA
from peppers. To ensure enough quality data points are included in the curve, serial 1:2 dilutions
would be preferred over serial 1:10 dilutions. To run the experiment, a cDNA sample of known
copy number is serially diluted and the diluted samples are run in triplicate, maintaining the same
concentration of primers. The Ct count is plotted against the log of the initial copy number to
make the standard curve. An efficiency of 100% is achieved if the slope of the standard curve is 3.33, indicating efficient primer annealing across a broad range of target copy numbers.10
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